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THE  INTERSTELLAR  ABSORPTION  IN  SELECTED  AREA  47 
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A  study  of  the  obscuration  in  the  direction  of 
Selected  Area  47  (1**  ■  159°,  b**  ■  -  21°)  has  been  made. 
An  absorbing  cloud  was  found  at  a  diatanpe  of  300  pc  with 
a  total  visual  absorption  of  2.0  magnitudes. 
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II.  Observational  Data 

Red  and  blue  platee  of  both  SA  47  and  a  nearby  comparison 
field  were  secured  at  the  84-inch  telescope  of  the  Kitt  Peak  National 
Observatory  by  Dr.  B  J.  Bok.  The  comparison  field  is  centered  or. 
the  8 tar  BD  4-31°  588,  and  is  located  about  2.5  degrees  to  the 
northwest  of  SA  47.  These  plates  have  useful  fields  of  about  0.25 
square  degrees.  Table  I  gives  the  data  of  the  plates. 
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In  order  to  calibrate  the  plates,  photoelectric  sequences 
were  established  in  each  field.  The  UBV  observations  were  obtained 
on  four  nights  with  the  Steward  Observatory  36-inch  telescope.  The 
B  and  V  magnitudes  and,  where  available,  the  U-B  color  are  listed 
in  Table  II. 

Red  magnitudes  (R)  were  calculated  from  the  UBV  photometry  by 
the  formula,  after  Becker  (1965), 

V-R  «  0.32  +  0.22  (B-V)  +  O.Od  (U-B). 

Because  no  U  magnitudes  were  obtained  for  the  faintest  stars,  the 
formula 

V-R  -  0.32  +  0.26  (B-V) 

was  used  to  compute  their  red  magnitudes.  The  use  of  the  latter 
formula  introduces  only  small  errors  into  the  computed  magnitudes, 
on  the  order  of  two  or  three  hundredths  of  a  magnitude.  The  R 
magnitudes  computed  from  each  nights  UBV  photometry  are  listed  in 
Table  III. 

III.  The  Reductions 

The  plates  were  measured  on  the  Cuffey  iris  photometer  of  the 
Steward  Observatory,  The  iris  readings  of  the  pho  oelectric  standards 
were  plotted  against  the  observed  magnitudes,  and  calibration  curves 
were  drawn  through  the  points  (Figures  1  and  2).  For  both  plates  of 
the  comparison  field  the  calibration  curves  were  extrapolated  linearly 
to  about  0,5  magnitudes  beyond  the  faintest  photoelectric  standards. 
Because  the  calibration  curves  for  the  comparably-exposed  plates  of 
SA  * ”  'e  linear  in  this  region  this  extrapolation  should  be  valid. 

Yhe  iris  readings  for  each  plate  were  converted  to  magnitudes  by 
means  of  a  linear  interpolation  from  a  tabulation  of  the  calibration 
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curves.  To  these  magnitudes  were  added  the  field  corrections  for 
the  84-inch  telescope.  These  field  corrections  have  been  estimated 
by  Dr.  A.  A.  Hcag  (Private  conmunication)  from  measurements  of  the 
areas  of  extra  focal  stellar  images  and  arise  fran  optical  blocking 
by  the  tertiary  mirror  of  the  coud£  system. 

IV.  The  Star  Counts 

Counts  of  stars  were  made  for  each  integral  apparent  magnitude 
over  the  interval  from  m-*g  to  m+%.  The  counts  were  then  analyzed 
by  means  of  Wolf  diagrams  (Wolf  1923) ,  and  through  the  use  of 
(m,  log  If)  tables  (Bok  1937). 

Both  the  (m,  logit)  method  and  the  Wolf  method  make  the  assumption 
either  that  there  is  no  obscuration  in  the  comparison  field,  or  that 
the  amount  of  obscuration  is  known.  From  the  UBV  colors  of  BD 
+31°  588,  and  from  the  work  of  Heeschen  (1951),  it  appears  that  the 
comparison  field  has  about  0.5  magnitude  of  obscuration  within  a 
distance  of  a  few  hundred  parsecs.  This  obscuration  would  also  be 
present  in  SA  47,  in  addition  to  that  which  is  found  by  Wolf  or 
(m,  log  tf  )  method. 
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The  Wolf  diagrams  (Figures  3  and  4)  show  an  absorption  in 
the  blue  of  two  magnitudes,  and  in  the  red  of  slightly  less  than 
two  magnitudes.  The  values  Ag  *  2.00  *  0.15  magnitudes  and 

■  1.90  -  0.15  magnitudes  are  adopted.  The  Wolf  diagrams  however 
yield  no  information  about  the  distance  to  the  obscuring  matter. 

The  (m,  log  if )  analysis  was  ac^'/mplished  in  the  following 
manner.  First  the  foreground  absorption  of  0.5  magnitude  was 
adopted,,  and  then  a  standard  table  was  constructed  for  the  compari¬ 
son  field.  To  do  this  a  luminosity  function  had  to  be  assumed. 

Up  to  a  distance  of  500  pc  (z  «*  -180  pc  ,  log  d  «  2.7)  a 
luminosity  function  appropriate  to  the  galactic  plane  was  used. 

For  the  region  extending  from  6  »  500  pc  to  d  »  800  pc  a  linear 
combination  of  the  luminosity  functions  for  the  galactic  plane  and 
for  z  »  500  pc  was  used.  Beyond  d  »  800  pc  (z  ■  -  290  pc  ,  log 
d  *  2.9)  the  luminosity  function  for  z  ®»  500  pc  was  adopted. 

The  blue  luminosity  function  adopted  for  the  galactic  plane 
is  a  combination  of  the  luminosity  functions  of  van  Rhijn  (1936),  and 
Luyten  (1939),  as  used  by  Bok  and  rfacRae  (1941).  The  red  luminosity 
function  for  the  galactic  plane  was  constructed  from  the  visual 
van  Rhijn-Luyten  luminosity  function  as  follows. 

All  stars  fainter  than  My  *  3  were  assumed  to  be  main-sequence 
stars.  The  V-R  colors  for  stars  with  approximately  integral  values  of 
My  along  the  main  sequence  were  taken  from  the  table  of  infrared 
measurements  puilished  by  Johnson  (1966).  The  V-R  colors  were  then 
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subtracted  froia  the  absolute  visual  magnitudes  to  yield  absolute 
red  magnitudes  for  the  stars  at  each  point  along  the  main  sequence. 
Clearly  the  space  density  o£  any  homogeneous  group  o£  stars  does  not 
depend  on  whether  we  consider  the  absolute  visual  or  red  luminosity 
£or  the  members  o£  the  group.  Therefore  the  space  density  for  main- 
sequence  stars  with  a  given  value  of  is  the  same  as  the  space 
density  for  main-sequence  stars  with  the  corresponding  value  of  M^. 

This  means  that  by  adjusting  the  absolute  luminosities  at  each  point 
along  the  visual  luminosity  function  by  an  amount  equal  to  the 
appropriate  V-R  color  a  red  luminosity  function  may  be  constructed. 

For  stars  brighter  than  My'O,  where  stars  of  a  range  of  spectral 
types  contribute  to  the  number  density  at  a  given  absolute  magnitude, 
an  average  B--V  color  at  a  given  value  of  My  was  found  from  a  comparison 
of  the  blue  and  visual  luminosity  functions  of  Van  Rhijn.  The  V-R 
color  was  assumed  to  be  equal  to  the  B-V  color,  and  the  values  of  My 
were  adjusted  by  the  amount  of  the  corresponding  V-R  colors  to  give 
absolute  red  magnitudes,  which  together  with  the  space  densities  formed 
the  bright  end  of  the  red  luminosity  function.  Because  of  the  very  low 
number  densities  involved,  the  entries  in  the  (m,  logTf  )  tables  proved 
to  be  quite  insensitive  to  errors  in  adjusting  the  bright  end  of  the 
luminosity  function.  Even  an  assumption  of  zero  space  density  for 
these  stars  would  have  changed  the  predicted  star  counts  by  about  two 
stars  per  unit  apparent  magnitude  interval. 

The  luminosity  functions  for  z  •  500  pc  were  based  on  the  visual 
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luminosity  function  for  that  z  distance  at,  determined  by  Upgren  (1963). 
Again  the  stars  fainter  than  My  *  3  were  assumed  to  be  on  the  main 
sequence,  and  the  B-V  and  V-R  colors  were  used  to  adjust  the  faint  end 
of  Upgren' s  visual  luminosity  function  to  fora  the  faint  portions  of 
the  blue  and  red  luminosity  functions. 

At  z  «  500  pc  ,  as  in  the  galactic  plan?,  stars  with  a  mixture 
of  spectral  types  contribute  to  the  bright  end  of  the  luminosity 
function.  For  the  older  population  encountered  at  a  distance  of 
several  hundred  parsecs  from  the  galactic  plane  (Upgren  1963)  the 
absolute  magnitude  interval  from  My=+2toMy*-lis  represented  by 
the  subgiants,  red  giants  and  the  horizontal  branch  stars.  Therefore 
at  any  given  My  in  this  range  one  is  likely  to  encounter  both  blue 
and  red  stars.  In  addition,  and  for  the  reasons  given  previously,  the 
final  result  is  quite  insensitive  to  the  adjustment  of  the  bright  end 
of  the  luminosity  function.  With  these  arguments  in  mind  the  colors 
of  the  GO  dwarf  (B-V  *  0.6,  V-R  “0.5)  were  used  as  average  colors  for 
the  entire  range,  and  the  bright  portions  of  the  blue  and  red  luminosity 
functions  were  formed. 

The  (m,  loglf)  tables  for  the  comparison  field  were  then  constructed 
from  the  derived  luminosity  functions.  As  distances  greater  then  500  pc 
from  the  galactic  plane  were  reached  the  decrease  in  space  density  as 
found  by  Becker  (1955)  was  allowed  for.  It  was  found  that  only  minor 
adjustments  in  the  space  densities  and  the  derived  luminosity  functions 
were  necessary  to  bring  both  the  red  and  blue  star  counts  predicted  by 
the  (a,  log  *lf)  tables  into  agreement  with  the  actual  star  counts. 
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The  (in,  log  If)  tables  of  SA  47  were  constructed  from  the 
(m,  log  If)  tables  of  the  comparison  field  by  adding  the  effect 
of  various  amounts  and  '.“.stances  of  absorbing  materiel  until  the 
predicted  star  counts  were  in  agreement  with  the  actual  star  counts. 
The  final  (m,  log  If  )  tables  are  shown  in  Tables  IV  through  X. 
An  examination  of  these  tables  will  show  that  Ag  probably  lies 
between  2.0  and  2,2  magnitudes,  while  A^  probably  lies  between 
1.8  and  2.0  magnitudes.  This  would  indicate  a  total  visual 
absorption  of  2.0  magnitudes.  It  is  particularly  interesting  to 
note  that  even  when  a  very  large  amount  of  obscuration  is  assumed 
at  a  distance  of  500  pc  many  more  bright  stars  are  predicted  than 
are  actually  observed.  Thus  it  appears  that  500  pc  can  be  taken 
as  an  upper  limit  for  the  distance  to  the  obscuring  cloud.  Because 
of  the  low  number  of  nearby  stars  ic  was  not  possible  to  fix  a 
minimum  distance  to  the  cloud. 


V.  The  Star  HE  21485 

The  Per  II  association  member  hO  21483  has  s  color  excess, 

E(B-V),  of  0.55  magnitude,  which  under  the  assumption  that  Ay/E(B-V)  ■ 
3.0  would  mean  that  Ay  =  1.65  magnitudes.  This  star  has  a  radial 
velocity  of  -6  km/sec  while  the  mean  for  the  association  is  nearly 
+20  km/ sec  (Blaauw  1962).  Since  the  expansion  age  of  the  association 
is  1,3  x  10^  year 8  (Blaauw  1962),  association  membership  would  place 
the  star  some  30  pc  closer  than  the  association,  or  at  a  distance  of 
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3C0  pc.  Under  the  above  assumption  of  the  ratio  of  total  to 
selective  absorption  this  is  just  th*.  distance  the  star  would  be 
at  if  it  were  a  83  dwarf. 

Morgan,  however,  has  classified  KD  21483  as  type  B3  III 
(MotganyCode^and  Whitford  1955).  Also  Lesh  (1968)  has  used  it  as 
a  fundament. .1  standard  for  class  B3  III,  and  lists  creiteria  for 
,.,e  classification.  If  the  star  is  indeed  a  giant  it  should  be 
located  well  behind  the  association  and  moving  rapidly  toward  it, 
a  circumstance  w'.dch  would  make  association  membership  unlikely, 
and  the  star's  proper  motion  away  from  the  center  of  the  association 
fortuitous. 

Another  possibility  does  exist.  If  the  ratio  of  total  to 
selective  absorption  were  anomalously  high,  say  5  or  6  as  has  been 
found  for  some  B  stars,  then  HD  21483  could  be  a  giant  and  still  be 
at  a  distance  of  300  pc.  Such  a  possibility  would  seem  to  be  indicated 
by  the  small  difference  in  the  total  absorption  in  the  blue  and  red 
which  was  found  for  the  obscuring  cloud.  Infrared  photometry  of  HD 
21433  should  be  able  to  resolve  this  question.' 

VI .  Summary 

An  obscuring  screen  in  front  of  Selected  Area  47  was  found  to 
have  a  total  absorption  in  the  blue  of  2.10  -  0.15  magnitudes.  The 
absorption  ir  the  red  was  found  to  be  1.90  -  0.15  magnitudes,  which 
makes  a  visual  absorption  of  2.00  -  0t15  magnitudes  seem  reasonable. 
There  probably  is  an  additional  0.5  magnitude  foreground  obscuration  in 
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I  Figure  1.  Photoelectric  magnitude  vs.  iris  reading  for  the  sequence 

gf 

| 

|  stars  in  SA  47.  The  open  circles  represent  red  magnitudes 

|  and  the  crosses  represent  blue  magnitudes. 
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|  Figure  2.  Photoelectric  magnitude  vs.  iris  reading  for  the  sequence 

§ 

s 

|  ‘  stars  in  the  comparison  field.  The  open  circles  represent 

|  red  magnitudes  and  the  crosses  represent  blue  magnitudes. 

I 

|  Figure  3.  Star  counts  in  blue  light  (after  Wolf  1923).  The  crosses 


refer  to  SA  47  and  the  open  circles  refer  to  the  comparison 
field.  The  broken  line  represents  the  expected  star  count 
for  a  uniform  stribution  of  stars.  The  ordinate  is  log 
N(mn),  the  number  of  stars  brighter  than  magnitude  mn. 

O  D 

Figure  4.  Star  counts  in  red  light  (after  Wolf  1923).  The  crosses 

refer  to  SA  47  and  the  open  circles  refer  to  the  comparison 
field.  The  broken  line  represents  the  expected  count  for  a 
uniform  distribution  of  stars.  The  ordinate  is  log  NOn^) , 
the  number  of  stars  brighter  than  magnitude 

Figure  5.  The  observed  visual  luminosity  functions.  The  solid  line  is 
the  Van  Rhijn/l.uyten  luminosity  function  for  the  galactic 
plane  and  the  broken  line  is  Upgren's  visual  luminosity 
function  for  2*500  pc. 

Figure  6,  The  adopted  blue  luminosity  functions.  The  solid  line 

represents  the  stellar  distribution  in  the  galactic  plane 
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TABLE  I.  Plate  data 


FLATE 

DATE 

EHULSION/FILTER 

EXPOSURE 

R.  A.  DEC. 

FIELD 

686 

11/06/66 

103a0  +  GG  13 

60  min. 

3h26.5m  +30?2 

SA  47 

706 

11/10/66 

103aE  +  RG  l 

30  min. 

3h26.5n  +30?2 

SA  47 

707 

11/10/66 

103a0  +  GG  13 

30  rain. 

3h20.3K  +32?1 

Comp. 

708 

11/10/66 

103aE  +  RG  1 

60  min. 

3h20.3“  +32?i 

Comp. 

TABI£  XI.  Photoelectric  date  for  SA  47 


STAR  COLOR 


1/21/68  9/20/68  9/22/68  11/23/68 


ADOPTED  B 
MAGNITUL-2 


7.07 

7.40 

-0.32 


9.90 

9.83 

10.42 

10.39 

-0  35 

-0.04 

10.26 

10.25 

10.93 

10.93 

0.26 

0.36 

11.09 

ll.06 

11.73 

il.69 

0.09 

0.09 

12.07 

il.99 

12.74 

12.65 

0.31 

0.05 

12.96 

12.99 

14.34 

14.40 

1.11 

1.50 

14.09 

14.28 

14.03 

15.31 

15.31 

15.31 

0.83 

— 

0.88 

14.69 

14.63 

15.91 

15.92 

0.55 

0.68 

14.72 

14.74 

14.90 

14.65 

16.03 

16.04 

16.15 

15.97 

0.67 

1.48 

— — 

0.63 

15.09 

14,86 

14.83 

15.92 

15.74 

15.75 

0.49 

■ - 

0.25 

15,63 

15.58 

16.66 

16.75 

0.82 

0.58 

16.87 

17.74 

16.62 

16..  87 

16.67 

17.44 

18.35 

17.75 

.....  - 

— — 

16.96 

1?  R6 


17.03 

J8.47 


10.41 


10.93 


11.71 


12.69 


14.37 


15.31 


15.92 


16.05 


15.80 


16.71 


17.85 


1*.?6 


TABL£  lib.  (Photoelectric  Data  for  the  Comparison  Field) 


STAR 

COLOR 

DATE 

1/21/68 

9/20/68  9/22/68 

11/23/68 

1 

V 

7.43 

7.52 

7.33 

B 

9.31 

9.39 

9.26 

U-B 

2.09 

1.90 

2.17 

2 

V 

10.78 

10.81 

B 

12.25 

12.28 

U-B 

1.48 

1.52 

3 

V 

11.94 

11.91 

B 

13.32 

13.36 

U-B 

1.23 

1.30 

4 

V 

12.04 

B 

13.27 

U-B 

0.87 

5 

V 

12.33 

12.35 

B 

13.63 

13.65 

U-B 

1.12 

1.20 

6 

V 

12.55 

12.49 

B 

14,04 

13.96 

U-B 

1.39 

1.43 

7 

y 

12.58 

B 

13.43 

U-B 

0.33 

8 

V 

13.38 

13.38 

5 

14.12 

14.09 

U-B 

Q.IO 

0.25 

9 

V 

14. 9 1 

B 

15.97 

U-B 

0.6 

10 

V 

14. ',5 

B 

15.80 

U-B 

0.41 

11 

V 

15.01 

B 

15,71 

U-B 

0.08 

12 

V 

15.69 

B 

17.22 

U-B 

14 


ADOPTED  B 
MAGNITUDE 

9.32 

12.26 

13.34 

13.29 

C.87 

13.64 

14.00 

13.43 

14.10 

15.97 

15.80 

15.71 

17.22 


lii.  Red  Magnitudes  Computed  From  UBV  Photometry 


STAR 

1/21/68 

DATE 

9/20/68 

9/22/68 

11/23/68 

ADOPTED  R 
MACNITUDE 

(SA  47) 

1 

6.71 

6.71 

2 

9.47 

9.39 

9.43 

3 

9.79 

9.76 

9.77 

4 

10.62 

10.60 

10.61 

5 

11.59 

11.53 

11.56 

6 

12.29 

12.30 

12.29 

7 

13.47 

13.71 

13.46 

13.52 

8 

14.08 

14.22 

14.17 

9 

14.08 

14.07 

14.24 

14.01 

14.11 

10 

14.57 

14.33 
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